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The title compound, [Cu(C 12 H 8 N 2 )(C 18 H 15 P) 2 ] 2 [Mo 6 0 19 ], was 
obtained by co-crystallization of the mixed-ligand copper 
complex cation (l,10-phenanthroline)bis(triphenylphos- 
phane)copper(I), [Cu(phen)(PPh 3 ) 2 ] + , with the Lindquist 
polyanion [Mo 6 O lg ] 2 ~. The asymmetric unit consists of half 
a Lindquist anion and one [Cu(phen)(PPh 3 ) 2 ] + cationic 
complex. In the cation, there are intramolecular 7r-7T inter- 
actions [centroid-centroid distances = 3.617 (2) and 
3.7272 (18) A]. This inorganic-organic adduct is connected 
by C— H- ■ O hydrogen bonds, forming a two dimensional 
network lying in the ab plane. These networks are connected 
by C— H- ■ tt interactions into a three-dimensional structure. 



-Cu, 



PPh 3 
Experimental 

Crystal data 

[Cu(C 12 H 8 N 2 )(C 18 H 15 P) 2 ] 2 [Mo ( ,0 1 c 

M r = 2416.23 

Triclinic, PI 

a = 11.287 (2) A 

b = 13.572 (3) A 

c = 16.307 (3) A 

a = 109.03 (3)° 

/3 = 102.98 (3)° 

Data collection 

Stoe IPDS 2 diffractometer 
Absorption correction: numerical 
(X-SHAPE; Stoe & Cie, 2009) 
T min = 0.818, 7/ maI = 0.908 



Refinement 

R[F 2 > 2a(F 2 )] = 0.026 

wR(F 2 ) = 0.063 

S = 0.86 

9593 reflections 



-PPh. 



:m<t 



y = 93.93 (3)° 
V = 2273.7 (8) A 3 
Z= 1 

Mo Ka radiation 
fj, = 1.40 mnT 1 
T = 298 K 
0.3 x 0.2 x 0.1 mm 



22882 measured reflections 
9593 independent reflections 
7714 reflections with / > 2a(l) 
R in . = 0.024 



592 parameters 

H-atom parameters constrained 
A/w = 0.25 e A~ 3 
Ap mi „ = -0.57 e A~ 3 



Related literature 

For general background to mixed-ligand copper complexes 
and Lindquist anions, see: Gruber & Jansen (2011). For details 
of the [Mo 6 Oi 9 ] 2 ~ polyoxidoanion, see: Jaypal et al. (2010); 
Rheingold et al. (1993). For the synthesis of the (1,10-phen- 
anthroline)bis(triphenylphosphane)copper(I) complex cation 
[Cu(phen)(PPh 3 ) 2 ] + , see: McMillin et al. (1985). For the 
synthesis of polyoxidoanions and the Anderson-type hetero- 
polyanion [Al(OH) 6 Mo 6 Oi 8 ], see: Kemperer & Silavwe 
(2007). For examples of combinations of Lindquist anions with 
copper(I) complexes, see: Sha et al. (2009); Hou et al. (2011). 
For the synthesis of Cu 2+ complexes, see: Shivaiah et al. (2007). 



Table 1 

Hydrogen-bond geometry (A, °). 
Cg8 is the centroid of the C33-C38 ring. 



D-H-A 


D-H 


H-A 


D- ■ A 


D-H-A 


C19-H19-03' 


0.93 


2.60 


3.446 (3) 


152 


C29-H29- ■ Of 1 


0.93 


2.55 


3.443 (4) 


161 


C30-m0A- ■ OS"' 


0.93 


2.41 


3.257 (5) 


152 


C44-H44- ■ 02 


0.93 


2.51 


3.206 (4) 


132 


C49-H49- ■ Q8 iv 


0.93 


2.97 


3.782 (5) 


147 


Symmetry codes: (i) x - 
-x + l,-y + l,-z. 


hl,v, z; (ii) x- 


hl,y + l,r, (iii) 


-x + \, —y- 


h 2, -z + 1; (iv) 



Data collection: X-AREA (Stoe & Cie, 2009); cell refinement: X- 
AREA- data reduction: X-RED32 (Stoe & Cie, 2009); program(s) 
used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) 
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular 
graphics: DIAMOND (Brandenburg, 2006); software used to prepare 
material for publication: publCIF (Westrip, 2010). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HG5234). 
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Bis[(1,10-phenanthroline-/f 2 N,N f )bis(triphenylphosphane-/<:P)copper(l)] 
nonadecaoxidohexamolybdate(VI) 

Fabienne Gschwind and Martin Jansen 

Comment 

Only very few examples of combinations between Lindquist anions with copper(I) complexes exist. Some examples are 
the MOF-like honeycomb compounds of (Sha et al. , 2009) and the charged directed assemblies of (Hou et a/. , 20 1 1 ) 
which form macrocycles and polymer chains. Another example is the Anderson-type heteropolyanion (Al(OH) 6 Mo60i8) 
connected to a copper(I)phenanthroline complex which has been investigated by (Shivaiah et al, 2007) and possesess 
large water-pipes formed by 28 cocrystallized water molecules. 

The mixed-ligand copper complex (l,10-phenanthroline)bis(triphenylphosphanecopper(I), [Cu(phen)(PPh 3 ) 2 ] + , was 
cocrystallized with the Lindquist polyanion [Mo 6 Oi 9 ] 2 " to form the title compound (Fig. 1). The asymmetric unit consists 
of half a Lindquist anion, and one [Cu(phen)(PPli3) 2 ] + cationic complex. 

In the cation there are two intramolecular n—n contacts present: one involving ring N1/C2-C6 (Cg(2)) of the 
phenanthroline moiety and phenyl ring C15-C20 (Cg(5)) with a centroid-centroid distance of 3.7272 (18) A; the other 
involves ring C5-C10 (Cg(4)) of the phenanthroline moiety and the same phenyl ring C15-C20 (Cg(5)) with a centroid- 
centroid distance of 3.617 (2) A. 

In the crystal, each [Cu(phen)(PPh 3 ) 2 ] + cation connects via C — H— O hydrogen bonds (Table 1 and Fig. 2) to 
neighbouring Linquist anions, [MoeOw] 2 ", to form a two-dimensional hydrogen bonded network lying in the ab plane. 

These networks are linked via C — H--7T interactions to form a densely packed three-dimensional structure (Table 1). 

The polyoxoanion [MoeOio] 2 " is built from six distorted Mo06 octahedra sharing common edges and one common 
vertex at the central O atom, and has crystallographic mhm (Oh) symmetry (Jaypal et al., 2010; Rheingold et al., 1993). 
The commercially available complex (l,10-phenanthroline)bis(triphenylphosphanecopper(I), [Cu(phen)(PPh 3 ) 2 ] + , was 
first characterized by McMillin et al., ((1985). In our case the coordination geometry (distorted tetrahedral) and the 
average Cu — N [2.098 (2) A] and Cu — P [2.2599 (4) A] distances fit very well to the values for the free complexes [Cu 
— N 2.075 A and Cu — P 2.258 A]. This shows that the building blocks retain their original conformations (Gruber & 
Jansen, 2011). 

Experimental 

The polyoxomolybdate [NBu 4 ] 2 [Mo 6 Oi<)] was prepared following the synthetic procedure of tetrabutylammonium 
hexatungstate, replacing sodium tungstate with sodium molybdate (Kemperer & Silavwe, 2007). The title compound was 
prepared by mixing 0.24 g of (1,10- phenanthroline)bis(triphenylphosphanecopper(I) and the 0.2 g polymolybdate 
dissolved in a 1:1 mixture of acetonitrile (15 ml) and methanol (15 ml), and stirred over-night. The reaction-solution was 
overlayered with diethylether. Green crystals, suitable for X-ray diffraction analysis, grew after a few days at the interface 
of the solvents. 
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Refinement 

The C-bound H-atoms were included in calculated positions and treated as riding atoms: C — H = 0.93 A with t/i SO (H) = 
1.2(7 eq (parent C-atom). 

Computing details 

Data collection: X-AREA (Stoe & Cie, 2009); cell refinement: X-AREA (Stoe & Cie, 2009); data reduction: X-RED32 
(Stoe & Cie, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 2006); software used to prepare material 
for publication: publCIF (Westrip, 2010). 




Figure 1 

A view of the molecular structure of the title compound, with the atom numbering. The displacement ellipsoids are drawn 
at the 50% probability level. Symmetry code: (a) -x + 1, -y + 1, -z + 1. 



Acta Cryst. (2012). E68, m1206-m1207 



sup-2 



supplementary materials 




Figure 2 

A view along the x-axis of the crystal packing of the title compound. 

Bis[(1 ,1 0-phenanthroline-ft^iV^Obis^riphenylphosphane- K-P)copper(l)] nonadecaoxidohexamolybdate(VI) 



Crystal data 

[Cu(C 12 H8N 2 )(Ci 8 H 15 P)2]2[M060 19 ] 

M T = 2416.23 

Triclinic, PI 

Hall symbol: -P 1 

a =11.287 (2) A 

b= 13.572 (3) A 

c= 16.307 (3) A 

a = 109.03 (3)° 

P= 102.98 (3)° 

y = 93.93 (3)° 

V= 2273.7 (8) A 3 

Data collection 

Stoe IPDS 2 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 6.67 pixels mm" 1 
co and <p scans 

Absorption correction: numerical 
(X-SHAPE; Stoe & Cie, 2009) 



Z= 1 

P(000) = 1202 

D x = 1.765 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 22955 reflections 

(9= 1.3-26.7° 

fi = 1.40 mnr 1 

P=298K 

Block, green 

0.3 x 0.2 x 0.1 mm 



22882 measured reflections 
9593 independent reflections 
7714 reflections with/> 2a(I) 
Pint = 0.024 

ftnax — 26.7°, Quin = 1-4° 



h = —14 — >14 
£ = -17^17 
/ = -19^20 



Pmin — 0.8 1 8, T m 



0.908 
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Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F- > 2a(F 2 )] = 0.026 

wR{F*) = 0.063 

5=0.86 

9593 reflections 

592 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.0449P) 2 ] 

where P = {F 2 + 2F 2 )I?> 
(A/ f j) max = 0.001 
Ap max = 0.25 e A" 3 
A/w = -0.57 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 1 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. _/?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


XI *IU 


Nl 


0.77376(18) 


0.75215 (17) 


0.33346(13) 


0.0316(4) 


C2 


0.7543 (2) 


0.8190 (2) 


0.40689 (18) 


0.0395 (6) 


H2 


0.7061 


0.8704 


0.4011 


0.047* 


C3 


0.8023 (3) 


0.8165 (3) 


0.49267 (18) 


0.0475 (7) 


H3 


0.7852 


0.8646 


0.5424 


0.057* 


C4 


0.8742 (3) 


0.7429 (3) 


0.50257 (19) 


0.0496 (7) 


H4 


0.9069 


0.7403 


0.5594 


0.060* 


C5 


0.8988 (2) 


0.6712 (2) 


0.42729(18) 


0.0392 (6) 


C6 


0.8446 (2) 


0.6764 (2) 


0.34301 (16) 


0.0306 (5) 


C7 


0.9768 (3) 


0.5924 (3) 


0.4315 (2) 


0.0490 (7) 


H7 


1.0152 


0.5893 


0.4872 


0.059* 


C8 


0.9951 (2) 


0.5240 (3) 


0.3575 (2) 


0.0478 (7) 


H8 


1.0459 


0.4740 


0.3627 


0.057* 


C9 


0.9388 (2) 


0.5253 (2) 


0.27000 (19) 


0.0371 (6) 


C10 


0.86382 (19) 


0.60291 (19) 


0.26322 (17) 


0.0305 (5) 


N2 


0.81050 (17) 


0.61224(16) 


0.18323 (13) 


0.0310(4) 


C12 


0.8292 (2) 


0.5449 (2) 


0.10935 (18) 


0.0394 (6) 


H12 


0.7927 


0.5507 


0.0543 


0.047* 


C13 


0.9012(3) 


0.4656 (2) 


0.1106(2) 


0.0480 (7) 


H13 


0.9120 


0.4195 


0.0573 


0.058* 


C14 


0.9558 (2) 


0.4563 (2) 


0.1909 (2) 


0.0473 (7) 


H14 


1.0042 


0.4038 


0.1925 


0.057* 


C15 


1.0301 (2) 


0.85331 (19) 


0.29914(16) 


0.0294 (5) 


C16 


1.0508 (2) 


0.9196 (2) 


0.38800 (18) 


0.0382 (6) 


H16 


1.0101 


0.9778 


0.4020 


0.046* 


C17 


1.1321 (3) 


0.8991 (3) 


0.45586 (18) 


0.0459 (7) 
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TT1 T 

H17 


1 1 /I CO 

1.1453 


A A A O A 

0.9434 


A C 1 C O 

0.5153 


A AC C * 

0.055* 


C18 


1 1 AO O /O \ 

1.1938 (2) 


A 0101 /O \ 

0.8131 (3) 


a /iTn /o \ 

0.4357 (2) 
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TT1 O 
H18 


1 O AHO 

1.24/0 


A TAAC 

0.7995 


A A O 1 C 

0.4815 


A ACy* 
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L19 


1.1749 (2) 


a n A O 1 /1\ 

0.7481 (2) 


0.3481 (2) 


A A A O A 

0.0430 


TT1 A 

H19 


1.2173 
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0.3344 


A A C O sfc 

0.052* 


pin 

C20 
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A O. O A 1 O /n\ 

0.28012 (17) 


A AO C 1 

0.0351 


T TO A 

H20 


1 A"7A/" 
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A THO 

0.7223 


a oo 1 a 

0.2210 


A A A 1 sk 

0.042* 


C21 


A AT"! yl /1\ 

0.9724 (2) 


A O /I O A ZO\ 

0.8439 (2) 


A 1 1 C CT / 1 T\ 

0.11557 (17) 


A AO C O 
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L22 


1 nn^c /o\ 
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a iocco n n\ 
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t to i 

H22 
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0.071* 


L24 
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0.8270 (3) 


A AO O O ZO\ 

-0.0332 (2) 
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A OT 1 O 
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0.7963 (3) 


A A A A O /OA 

-0.0442 (2) 


0.0625 
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C26 


U.894/ (3) 
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0.802 / (3 J 


a Aomn / 1 n\ 
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A f\AH C 
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H26 
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0.7791 


A 1 C 
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t nn 
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1.1060 


0.2420 


0.067* 


C42 


0.4066 (3) 


1.0410(3) 


0.3349 (2) 


0.0550 


H42 


0.3809 


1.0973 


0.3736 


0.066* 


C43 


0.4250 (3) 


0.9524 (3) 


0.3559 (2) 


0.0568 


H43 


0.4129 


0.9492 


0.4096 


0.068* 
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C44 


0.4614 (3) 




0.86 lb (z) 


A 1 AO 1 H / 1 OA 

U.29ol / (lo) 


A A A 1 £ ( £\ 

U.U426 (6) 






IT A A 

H44 


0.4728 




A O A"7 O 

0.8078 


0.3131 


0.051* 






A Z 

C45 


A All A /'OA 

0.4334 (z) 




U.64/2 (2) 


A 1 A f\A A SI £\ 
0. 14044 (16) 


A Al 1 "7 /C\ 
U.U31 / (j) 






L46 


0.3092 (2) 




0.6507 (2) 


a 1 ") c £ n\ 

0.1356 (2) 


A A A 1 1 //Z\ 

0.0431 (6) 






TJ A r 

H46 


O.z /64 




A 1 1 AA 
U. /1U9 


a 1 1 n 
0.132 / 


A ACT* 






C47 


0.2343 (3) 




A C f~ C A \ 

0.5654 (3) 


A 1 'J A A \ 

0.1349 (2) 


0.0532 (8) 






H4 / 


A 1 C 1 A 

U.1M4 




A c/:oc 

U.D6o5 


A 1 1 1 £ 

U.1316 


U.U64* 






C48 


0.2821 (3) 




0.4760 (3) 


A 1 1A1 

0.1391 (2) 


A AC/"C ZO\ 

0.0565 (8) 








A 11 1 *7 

0.Z3 1 / 




A A 1 A A 
0.4190 


0. 1394 


A A^O* 






C49 


0.4036 (3) 




A A 1 1 1 /I \ 

0.4/11 (3) 


a 1 /no n\ 
0.14Z5 (3) 


0.06 /5 (10) 






T_T/I A 

H49 


A A O C^ 

0.455 / 




A A 1 fM 

0.4104 


A 1 /I /I A 

0. 1449 


A AO 1 * 

0.081* 






pert 


A /I *7AA /I \ 

0.4 /90 (3) 




0.5563 (Z) 


0.1436 (z) 


A nz^z SQ\ 
O.Ojzj (8) 






T-TC A 


A C/T 1 /T 
O.JOlO 




0.55z5 


A 1 A ^1 

0. 14o3 


0.053* 






Ol 


0.38560 (I!?) 




0.6641 / (14) 


0.jj4/6 (Iz) 


A AT £ C //I \ 

0.0365 (4) 






02 


a a oAnn /1 o\ 

0.48099 (18) 




A T7AAO /1 jC\ 

0.77098 (16) 


A /IC/IAO /1 A\ 

0.45498 (14) 


A A /I HO /f \ 

0.0468 (5) 






U3 


0.35Z lb (15) 




0.560 /6 (ID) 


A 1 O AC a /n\ 

0.38030 (lz) 


A A1 7A //I \ 

0.03 /0 (4) 






U4 


0.53ZZO (lo) 




O.o05ol (15) 


O.o /4zo (11) 


0.03oo (4) 






Ud 


A o CO an / 1 /|\ 

0.2580Z (14) 




0.469/3 (14) 


0.4/ /z5 (lz) 


0.035z (4) 






Oo 


A /TIT) 1 /I f \ 

0.62731 (15) 




0.69308 (14) 


0.57680 (12) 


A AT C^ / /I \ 

0.0352 (4) 






(_)/ 


a oaooa /1 1\ 
U. 21)859 (1 /) 




0.358 /4 (1 /) 


0.Z888 / (13) 


A (\AH A ( Z\ 

0.04/4 (5) 






Us 


0.2 / /(JB (1 /) 




0.5 1 /90 (1 /) 


0.662Z3 (14) 


a r\Ann ( z\ 
0.04/ / (5) 






U1U 


1093 /6 (13) 




A CO (\A n ft A\ 

0.58943 (14) 


a /i a 1 m (a o\ 
0.4019/ (12) 


0.0361 (4) 






Mol 


0.332353 (18) 




0.417707 (18) 


0.376775 (14) 


A A") in { £\ 

0.03313 (6) 






IVluZ 


U.400J7U M"/ 




A ^(>f,\A. (\ 1\ 
U.OJOOl^t \l 1 ) 


A zL7^zlfif> n 

U.^+ / J400 \ v J ) 


U.UjjDI [Of 






Mo3 


0.368576(19) 




0.544685 (18) 


0.592333 (15) 


0.03407 (6) 






Cul 


0.73671 (2) 




0.75378 (2) 


0.202353 (19) 


0.02976 (7) 






PI 


0.90530 (5) 




0.86401 (5) 


0.21108(4) 


0.02878 (13) 






P2 


0.53840 (5) 




0.75954 (5) 


0.14762 (4) 


0.02702 (12) 






09 


0.5000 




0.5000 


0.5000 


0.0240 (4) 






Atomic displacement parameters (A 2 ) 




jjn jjii 


U 33 




U [3 


U 23 




Nl 


0.0313(10) 0 


0342(11) 0.0294(10) 


0.0039 (8) 


0.0077 (8) 


0.0118 


(9) 


C2 


0.0360(13) 0 


0427 (16) 0.0377 (14) 


0.0036 (11) 


0.0126(11) 


0.0099 


(12) 


C3 


0.0464(15) 0 


0571 (19) 0.0314 (13) 


-0.0081 (14) 


0.0135 (11) 


0.0066 


(13) 


C4 


0.0484(16) 0 


066 (2) 0.0330 (14) 


-0.0054 (14) 


0.0029 (12) 


0.0240 


(15) 


C5 


0.0351 (12) 0 


0449 


(16) 0.0383 (14) 


-0.0057 (11) 


0.0027 (10) 


0.0224 


(13) 


C6 


0.0249 (10) 0 


0354 


(13) 0.0345 (12) 


0.0011 (9) 


0.0050 (9) 


0.0188 


(11) 


C7 


0.0402 (14) 0 


0559 


(19) 0.0551 (18) 


0.0020 (13) 


-0.0038 (13) 


0.0369 


(16) 


C8 


0.0338 (13) 0 


0505 


(18) 0.069 (2) 


0.0085 (12) 


0.0044 (13) 


0.0400 


(17) 


C9 


0.0257 (11) 0 


0339 


(14) 0.0553 (16) 


0.0032 (10) 


0.0071 (10) 


0.0230 


(13) 


CIO 


0.0230(10) 0 


0308 


(13) 0.0409 (13) 


0.0021 (9) 


0.0058 (9) 


0.0190 


(11) 


N2 


0.0303 (10) 0 


0294 


(11) 0.0328(10) 


0.0066 (8) 


0.0059 (8) 


0.0115 


(9) 


C12 


0.0384(13) 0 


0372 


(15) 0.0368 (14) 


0.0061 (11) 


0.0071 (11) 


0.0074 


(12) 


C13 


0.0445 (15) 0 


0383 


(16) 0.0558 (18) 


0.0094(12) 


0.0172(13) 


0.0060 


(14) 


C14 


0.0347 (13) 0 


0339 


(15) 0.074 (2) 


0.0113 (11) 


0.0147(13) 


0.0190 


(15) 


C15 


0.0231 (10) 0 


0316 


(13) 0.0339 (12) 


0.0021 (9) 


0.0070 (9) 


0.0127 


(11) 


C16 


0.0356(12) 0 


0372 


(15) 0.0393 (14) 


0.0118(11) 


0.0089 (11) 


0.0094 


(12) 


C17 


0.0436(15) 0 


0550 


(19) 0.0315(13) 


0.0105 (13) 


0.0037 (11) 


0.0089 


(13) 
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rig 
Clo 


0.U333 (13) 


A ftCA /OA 

0.064 (Z) 


ft ftA H 1 /1 AA 

0.04 / 1 (16) 


A A 1 OO / 1 OA 

0.013Z (1ZJ 


ft ftftO A /1 1 A 

U.0U36 (11) 


A AO A1 / 1 CA 

0.0301 (13) 


Ciy 


A Al /I A / 1 1 A 

0.0340 (13) 


A A A C A / 1 lZ\ 

0.043y (16) 


A ACO A / 1 H\ 

0.0330 (1 /) 


AA1/1A/11A 

o.oi4y (ii) 


ft ft1 1 1 /1 OA 

0.011 / (IZ) 


A AO A/1 / 1 A A 
0.0Z04 (14) 


CZO 


ft AO 1 A / 1 OA 

0.0316 (IZ) 


A A'J A A / 1 A A 

0.0344 (14) 


A A1 AO / 1 O A 

0.0365 (13) 


A AAOO /1 AA 

0.00 /o (10) 


ft AAOO /1 AA 

O.OOo / (10) 


ft ftftOC /1 1 A 

0.00o3 (11) 


CZ1 


0.040/ (13) 


ft ftl A A /1 /I A 

0.0346 (14) 


ft ftO OO" /1 OA 

0.033 / (13) 


ft ftftOO /1 1 A 

O.OOoo (1 1) 


ftftl AO /1 AA 
0.0106 (10) 


AA10Q /11A 

O.OIZo (11) 


CZZ 


A ftA \ A (A A\ 

0.0414 (14) 


A ACT3 /1 OA 

o.oj /3 (iy) 


ft ftOOO /1 A A 

u.03yy (14) 


ft AAOA /1 OA 

0.00 /0 (13) 


A A10A /11A 

0.U1Z6 (11) 


ft ft 1 O 1 /1/1A 

o.oiyi (14) 


/~1 o 0 

CZ3 


A AOA /1 Ti 

0.0330 (1 /) 


ft A*7C /OA 
0.0/3 (Z) 


A AAA /OA 

0.060 (Z) 


A A1 1 A /1 AA 

0.0114 (16) 


ft AO A 1 / 1 C A 

o.ozyi (13) 


A AO O 1 /1 OA 

O.OZol (lo) 


/"■o /i 
CZ4 


A AOO /OA 

O.OoZ (Z) 


ft ftOft /'JA 

0.080 (3) 


ft ft/i /I OA 

0.0433 (15) 


A A 1 H /OA 
0.01 / (Z) 


ft fti T"> /1 n\ 

0.03ZZ (1 /) 


ft fto A H /1 OA 

0.0Z4/ (lo) 


CZ3 


A AOA /OA 

O.OoO (Z) 


ft a/c:a /oa 

o.o6y (Z) 


A A1 11/1 CA 

0.0313 (13) 


A A1 AC /1 OA 

0.0103 (lo) 


ft AAAA /1 CA 

o.ooyy (i3) 


A A 1 AO / 1 AA 

O.OlOo (16) 


CZ6 


a A/i oc /1 ca 
0.04 /3 (1-)) 


A ftCA/l /1 OA 

0.U304 (lo) 


ft ftO*7*7 /1 /I A 

0.03 / / (14) 


ft ftACO /1 OA 

0.003Z (13) 


A AAOA /1 OA 

0.00 lo (IZ) 


A AAOO / 1 OA 

0.00y3 (13) 


Cz/ 


A Al CO / 1 

0.0336 (1Z) 


A AO Aft / 1 1 A 

o.ozyy (13) 


ft AO A A / 1 O A 

0.0304 (IZ) 


A AAAA /1 AA 

0.0066 (10) 


A AA 1 H / 1 AA 
0.001 / (10) 


AA11A/11A 

0.0110 (11) 


CZo 


A ACTO /I AA 

0.03Zo (16) 


ft ft^ £ft /1 CA 

0.0360 (13) 


ft r\A nr /i r\ 

0.04/6 (16) 


ft AAl C /1 OA 

0.0033 (IZ) 


ft ftlll /10A 

0.0133 (13) 


AA1A1 /10A 

0.0161 (13) 


C33 


A ATI 1 /I 1 \ 

0.03Z1 (11) 


A AO /TO / 1 A A 

0.0363 (14) 


ft ftO 1 O /1 OA 

0.03 IZ (IZ) 


A A1 1 1 /1 AA 
0.0111 (10) 


ft AAAA /AA 

o.ooyy (y) 


AA1/11 /11A 

0.0141 (11) 


czy 


A (\HQ /OA 
0.0/5 (Z) 


A AO A O /1 £A 

0.034Z (16) 


ft AC 10 /1 OA 

0.031Z (lo) 


A AA 10 /1 CA 
— 0.U013 (13) 


ft ftft 1 C /1 AA 

0.0013 (16) 


A ft 1 Oft /1 CA 

o.oiyo (i3) 


C34 


A A/1 OO / 1 /I A 
0.04Z / (14) 


A ACO/: /1 OA 

0.03Z6 (lo) 


ft ftA 1 A /1 CA 

0.041V (13) 


A AAO O / 1 O A 

O.OOZo (IZ) 


ft AAOC / 1 1 A 

0.00 Id (11) 


A AO AO / 1 A A 

0.0Z6Z (14) 


C33 


A AA/1 /OA 

0.064 (Z) 


A AO 1 /O A 

O.Ool (3) 


A AC OO / 1 AA 

0.0353 (iy) 


A AAO C / 1 OA 

0.0033 (1 /) 


A A 1 AH / 1 AA 

0.014/ (16) 


A A A A A / 1 AA 

0.04y4 (iy) 


C30 


A AOA /Ti 

0.0 /6 (Z) 


A AO 11/1 /TA 

0.0313 (16) 


ft ACO /OA 

0.035 (Z) 


A A1 CO /1 CA 
0.013Z (13) 


A A 1 OO /1 OA 
— 0.01ZZ (1 /) 


AAIOC /1CA 

0.01Z3 (13) 


C36 


A AAA /'OA 

O.Ooy (Z) 


ft 1 ftC /OA 

0.1U3 (3) 


ft ft/1 it /i n\ 
0.043 / (1 /) 


A A \ O /OA 

o.o iy (Z) 


ft AftOO /1 CA 

o.ooy / (13) 


A ftA O /OA 

0.04 / (Z) 


Col 


A AC A ft /I Q\ 

0.034y (18) 


ft ftCO /OA 

0.033 (Z) 


ft ftCCO /1 ftA 

0.0335 (iy) 


ft AOOC /1 AA 
0.0Z53 (16) 


ft ftftO 1 /I CA 

0.00Z1 (13) 


ft ftftCft /1 AA 

o.ooyy (16) 


C3Z 


A A/1 A/1 / 1 /I A 

0.0404 (14) 


A ft A 1 ft /1 jCA 

0.04ly (16) 


A A/1 C A / 1 CA 

0.0436 (13) 


A A1 OA /1 OA 
0.01Z0 (IZ) 


A AAAO /1 OA 

0.006Z (IZ) 


AA110/11A 

0.01 1 / (13) 


/^OO 

C3 / 


0.033 / (lo) 


A AOA /OA 

0.0y6 (3) 


A AO CC /1 CA 
0.0333 (13) 


A AAOA /1 OA 

—0.0036 (lo) 


A AAOO / 1 OA 

—O.OOZo (13) 


A AOAO /1 OA 

0.0Z6Z (lo) 


C3o 


A A/1 /I H /1 CA 
0.044/ (13) 


A AAA /OA 

0.060 (Z) 


A AO A A /1 A A 

0.0344 (14) 


A ftftOO /1 OA 

— 0.U0ZZ (13) 


ft AAC/1 /1 1 A 

0.0034 (11) 


A ft 1 AO /1 A\ 

0.0160 (14) 




A AO AA /1 1 A 

O.OZvO (11) 


ft ftO 1 C /1 0 A 

0.0313 (13) 


ft fto ii /i o\ 
0.0311 (IZ) 


ft ftftl 1 /ftA 

0.0033 (y) 


A AACO /ftA 

0.0033 (y) 


ftftlOO /11A 

0.01Z3 (11) 


/I A 

C40 


a AC/n / 1 aa 
0.034Z (lo) 


ft AO AO / 1 /CA 

0.03^3 (16) 


A A.4CC /1 CA 

0.0433 (13) 


A A1 AO /10A 
0.0145 (IZ) 


ft AO 1 O / 1 O A 

O.OZlo (13) 


A AOAO / 1 1 A 

0.0Z0/ (13) 


C41 


A A70 /OA 

0.0 11 (Z) 


ft ftO AO /1 O'A 

0.0363 (1 /) 


ft AO"0 /OA 

0.0 /Z (Z) 


A AO A/1 / 1 CA 

0.0Z04 (13) 


ft ftO A ft /1 OA 

U.034y (1 /) 


A ftl A A /1 AA 

0.0Z46 (16) 


C4Z 


A AACA /1 OA 

0.0636 (IV) 


A ftA AO /1 O'A 

0.040Z (1 /) 


ft AC07 /1 OA 

0.035 / (iy) 


A A 1 ft A /1 A A 

0.0100 (14) 


A ftO 10 /1 AA 
0.U316 (16) 


ft ftftCO /1 CA 
0.0035 (13) 


/~M 0 

C43 


A ftHH /OA 

0.0 / / (2) 


A ACO /OA 

0.033 (Z) 


ft ftA O A / 1 AA 

0.04Z0 (16) 


A ftftH A /1 AA 

0.00 /4 (16) 


A AO OO / 1 C A 

O.OZo / (13) 


AA11A/1CA 

0.0110 (13) 


C44 


ft AC C A / 1 AA 

0.0330 (16) 


A AOAC /1 lZ\ 

0.03y3 (16) 


A AO *7A / 1 A A 

0.03 Iy (14) 


A AAA A / 1 O A 

0.0064 (IZ) 


A A1 CO /1 OA 

0.0133 (IZ) 


A A 1 OA / 1 O A 

0.01 lb (13) 


C43 


0.03Zy (11) 


A AO 10 /1 0 A 

0.03 IZ (13) 


ft AO 1/1 /1 OA 

0.03 14 (IZ) 


A AAOA /OA 

0.0030 (y) 


ft ftftOO /OA 

0.0U53 (y) 


ft ft 1 1 ft /I 1 A 

o.oi iy (ii) 


/"m a 
C46 


A Alftl /I 1\ 

0.03yl (13) 


ft AO A 0 /1 CA 

0.0343 (13) 


A AC/IO /17A 

0.034Z (1 /) 


A AAO C /1 1 A 
0.0033 (11) 


ft ft1 AO /1 OA 

o.oi6y (iz) 


A ft 1 ftO /1 OA 

0.010/ (13) 


C4/ 


A ftA A A / 1 AA 

0.0460 (16) 


A ftA C O / 1 OA 

0.U433 (lo) 


A AAOA /1 AA 

0.06Z0 (iy) 


A ftftA 1 / 1 O A 

—0.0043 (13) 


ft AO OA / 1 A A 

0.0Z ly (14) 


A AA1 ft / 1 CA 

o.oo3y (i3) 


C4o 


A ftH 1 /OA 

0.0/1 (Z) 


A ftA jCO / 1 AA 

0.0465 (IV) 


A AC AO / 1 OA 

0.030Z (1 /) 


A A 1 A A / 1 CA 

—0.0146 (13) 


A AO 1 C / 1 CA 

0.0Z33 (13) 


AA1/10/1CA 

0.014/ (13) 


C4v 


A ftH 1 /OA 

0.0 / 1 (Z) 


A A A 1 A /1 AA 

0.0416 (ly) 


ft ftftft t1\ 

o.oyy (3) 


A ftftA H / 1 AA 

0.004/ (16) 


ft ft i C /OA 

0.013 (Z) 


ft ftA 1 /OA 

0.041 (Z) 


C30 


A A/1 /I A /1 CA 

0.0444 (1 j J 


ft A0ft/1 /1 0"A 

0.03y4 (1 /) 


ft AOO /OA 

0.0 /o (Z) 


ft AftOO /1 OA 

0.00 ly (IZ) 


ft A1 Oft /1 CA 

0.0130 (13) 


ft ftO OC / 1 AA 

0.0Zo3 (16) 


Ol 


A A'J /TO /AA 

0.0363 (9) 


A AT AT /A\ 

0.0307 (9) 


A A A Htl / 1 n\ 

0.0466 (10) 


A A 1 1 A iH\ 

0.0124 (7) 


A A 1 C C ZO\ 

0.0155 (8) 


A A 1 A /_ /OA 

0.0146 (5) 


uz 


A ACAO /1 1 A 

0.030Z (11) 


U.UJo / (11) 


a a/: A'J /n\ 
U.0603 (12) 


A A 1 1 A /A\ 
0.0110 (9) 


A A 1 1 C t(\\ 

0.0116 (9) 


A Al AO / 1 AA 

0.030Z (10) 


UJ 


a aooo /oa 
0.033Z [y) 


U.U41J (1U) 


A AlOC /A\ 

U.UJyD (y) 


A AAOO in\ 

u.uusy ( /) 


A AAOA (H\ 

U.UU26 ( /) 


A AOOft /OA 

o.ozzo (y) 


/A /I 

U4 


ft ftO OO /ft\ 

0.0356 (y) 


U.UJ91 (10) 


A A'J A1 {(\\ 

U.03UJ (9) 


A AA1 O ZO\ 
0.0038 (8) 


A AAAC in\ 

0.0093 (/) 


A A 1 A 1 /OA 

0.0101 (5) 


(J3 


A ftOOO /OA 

0.0Z3 / (o) 


U.U405 (10) 


A A/IT A i 1 A\ 

0.0424 (1U) 


0.0036 (/) 


A AAOT in\ 

0.008 / (/) 


A A 1 A 1 /OA 

0.0161 (o) 


U6 


A ftO A H /A A 

0.034/ (9) 


U.Uzo / (9) 


A A/I A 1 / 1 A\ 

U.U401 (10) 


A AA1 o in\ 

0.001s (/) 


A AACA tn\ 

0.0039 (/) 


A A 1 O C /OA 

0.01Z3 (o) 


U / 


A A'J CC /ftA 

0.0333 (y) 


U.0343 (13) 


U.04J3 (11) 


A AA 1 C /O'i 
— 0.001 0 (8) 


A AA/1 A /Q\ 

—0.0040 (s) 


ftftl /-o /I ft\ 

0.0165 (10) 


Uo 


ft ftA A A /1 AA 

0.0446 (10) 


A A^ H /I 

U.UM / (1 5) 


U.Uj 13 (11) 


A A 1 A'J /OA 


U.U/33 (y) 


ft ft 1 Cft / 1 ftA 

0.0130 (10) 


U10 


A AO A A /AA 

0.0360 (y) 


(i dim /i a\ 
U.UJ91 (10) 


A A'J A A / 1 AA 
U.0399 (10) 


0.0061 (/) 


A A 1 1 A /"7\ 
0.0134 (/) 


A AOAO /OA 

0.0Z0Z (o) 




A m/ftf /I ftA 

o.oz6y3 (io) 


O.Ujod2 (13) 


a A'J 1 /i n 
0.03166 (11) 


A AAO JC iO\ 

0.00233 (8) 


A AAA 1 O ZO\ 

—0.00018 (8) 


A A 1 O 1 O /AA 

o.oizi / (y) 


Ma? 


u.Uj't / I \^ 1 1 J 


U.UZOOU \^lZj 


yj.yj'-rz.oy m z i 


0 0DS9Q <K\ 

U.UUI5/7 ) 


U.UUOJ7 V / 


U.UZUjO ^iui 


Mo3 


0.03162 (11) 


0.03736 (13) 


0.03706 (12) 


0.00855 (9) 


0.01645 (9) 


0.01242 (10) 


Cul 


0.02732 (14) 


0.03106(16) 


0.03130 (15) 


0.00607(11) 


0.00420(11) 


0.01348 (13) 


PI 


0.0275 (3) 


0.0278 (3) 


0.0308 (3) 


0.0047 (2) 


0.0066 (2) 


0.0107 (3) 


P2 


0.0253 (3) 


0.0291 (3) 


0.0286 (3) 


0.0045 (2) 


0.0053 (2) 


0.0138(3) 


09 


0.0214(10) 


0.0259 (12) 


0.0260(11) 


0.0051 (8) 


0.0051 (8) 


0.0112(9) 
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Geometric parameters (A, ") 



Nl— C2 


1.320 (3) 


C35— C36 


1.371 (5) 


Nl— C6 


1.372 (3) 


C35— H35 


0.9300 


Nl— Cul 


2.092 (2) 


C30— C31 


1.372 (5) 


C2— C3 


1.394 (4) 


C30— H30A 


0.9300 


C2— H2 


0.9300 


C36— C37 


1.362 (5) 


C3— C4 


1.356 (5) 


C36— H36 


0.9300 


C3— H3 


0.9300 


C31— C32 


1.393 (4) 


C4— C5 


1.394 (4) 


C31— H31A 


0.9300 


C4— H4 


0.9300 


C32— H32 


0.9300 


C5— C6 


1.399 (3) 


C37— C38 


1.382 (4) 


C5— C7 


1.440 (4) 


C37— H37 


0.9300 


C6— CIO 


1.430 (4) 


C38— H38 


0.9300 


C7— C8 


1.330 (5) 


C39— C40 


1.384 (4) 


C7— H7 


0.9300 


C39— C44 


1.393 (4) 


C8— C9 


1.431 (4) 


C39— P2 


1.834 (3) 


C8— H8 


0.9300 


C40— C41 


1.379(4) 


C9— C14 


1.388 (4) 


C40— H40 


0.9300 


C9— CIO 


1.412(3) 


C41— C42 


1.373 (5) 


CIO— N2 


1.358 (3) 


C41— H41 


0.9300 


N2— C12 


1.324 (3) 


C42— C43 


1.369 (5) 


N2— Cul 


2.104 (2) 


C42— H42 


0.9300 


C12— C13 


1.395 (4) 


C43— C44 


1.382 (4) 


C12— H12 


0.9300 


C43— H43 


0.9300 


C13— C14 


1.366 (4) 


C44— H44 


0.9300 


C13— H13 


0.9300 


C45— C50 


1.381 (4) 


C14— H14 


0.9300 


C45— C46 


1.391 (4) 


C15— C16 


1.390 (4) 


C45— P2 


1.821 (3) 


CI 5— C20 


1.391 (3) 


C46— C47 


1.382 (4) 


C15— PI 


1.823 (2) 


C46— H46 


0.9300 


C16— C17 


1.387 (4) 


C47— C48 


1.377 (5) 


C16— H16 


0.9300 


C47— H47 


0.9300 


C17— C18 


1.385 (4) 


C48— C49 


1.366 (5) 


C17— H17 


0.9300 


C48— H48 


0.9300 


C18— C19 


1.371 (4) 


C49— C50 


1.383 (4) 


C18— H18 


0.9300 


C49— H49 


0.9300 


CI 9— C20 


1.385 (4) 


C50— H50 


0.9300 


C19— H19 


0.9300 


01— Mo3 


1.9236 (18) 


C20— H20 


0.9300 


01— Mo2 


1.9336 (18) 


C21— C26 


1.382 (4) 


02— Mo2 


1.6791 (18) 


C21— C22 


1.389 (4) 


03— Mol 


1.9189(18) 


C21— PI 


1.831 (3) 


03— Mo2 


1.933 (2) 


C22— C23 


1.380 (4) 


04— Mol 1 


1.8939(18) 


C22— H22 


0.9300 


04— Mo3 


1.9571 (19) 


C23— C24 


1.374 (5) 


05— Mo3 


1.9086 (19) 


C23— H23 


0.9300 


05— Mol 


1.9574(18) 


C24— C25 


1.363 (5) 


06— Mo2 


1.9238 (18) 


C24— H24 


0.9300 


06— Mol 1 


1.9293 (18) 


C25— C26 


1.391 (4) 


07— Mol 


1.6849 (19) 
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C25— H25 
C26— H26 
C27— C32 
C27— C28 
C27— PI 
C28— C29 
C28— H28 
C33— C38 
C33— C34 
C33— P2 
C29— C30 
C29— H29 
C34— C35 
C34— H34 



0.9300 
0.9300 

1.384 (4) 
1.392 (4) 
1.830 (3) 
1.381 (4) 
0.9300 
1.378 (4) 

1.385 (4) 
1.827 (2) 
1.359 (5) 
0.9300 
1.388 (4) 
0.9300 



08— Mo3 
O10— Mo2 
O10— Mo3' 
Mo 1—04' 
Mol— 06' 
Mo 1—09 
Mo2— 09 
Mo3— O10' 
Mo3— 09 
Cul— P2 
Cul— PI 

09— Mo2' 
09— Mo3' 
09— Mol ' 



1.6811 (19) 
1.9174(19) 
1.9238 (18) 
1.8939(18) 
1.9293 (18) 
2.3248 (11) 
2.3096 (5) 
1.9238 (18) 
2.3165 (7) 
2.2327 (9) 
2.2866 (10) 
2.3096 (5) 
2.3165 (7) 
2.3248(11) 



C2 — Nl — C6 


117.6 (2) 


C41 — C40 — C39 


120.9 (3) 


C2 — N 1 — Cul 


1 1 A A H / 1 0\ 

130.46 (18) 


C A \ (~ ' A A TT/1A 

C41 — L4U — H40 


1 1 A f 

119.5 


C6 — Nl — Cul 


111 / 1 /"\ 

111.25 (16) 


C39 — C40 — H40 


1 1 A C 

119.5 


Nl — C2 — C3 


123.5 (3) 


C42 — C4 1 — C40 


1 1 A /" /I \ 

120.6 (3) 


N 1 — Lz — Hz 


1 in 1 

1 1 8.3 


C4z — C4 1 — H4 1 


1 1 A H 

119.7 


Ci — Cz — Hz 


1 1 O 1 

118.3 


A C\ f ^ A 1 TT/11 

C40 — L4 1 — H4 1 


119.7 


C4 — C3 — C2 


119.1 (3) 


C43 — C42 — C4 1 


1 1 a "y fy\ 

119.3 (3) 


A /"") Til 

C4 — C3 — H3 


1 OA A 

120.4 


/"I yf ^ /" ( A >"> TT/11 

C4J — C4z — H4z 


120.4 


C2 — C3 — H3 


120.4 


C4 1 — C42 — H42 


120.4 


C3 — C4 — L5 


119.7 (3) 


i~< .-1 O /~< A ") /~l A A 

C42 — C43 — C44 


1 O A O /"> \ 

120.8 (3) 


C3 — C4 — H4 


120.1 


Z" 1 A 1 /"< /IT TT/n 

C42 — C43 — H43 


119.6 


C5 — C4 — H4 


120.1 


C44 — C43 — H43 


119.6 


C4 — C5 — C6 


1 1 O A /") \ 

118.0 (3) 


C43 — C44 — C39 


120.5 (3) 


C4 — CD — C / 


123.6 (3) 


C43 — C44 — H44 


119.8 


C6— C5— C7 


118.3 (3) 


C39— C44— H44 


119.8 


Nl— C6— C5 


122.0 (2) 


C50— C45— C46 


118.3 (2) 


Nl— C6— CIO 


117.5 (2) 


C50— C45— P2 


119.1 (2) 


C5— C6— CIO 


120.5 (2) 


C46— C45— P2 


122.5 (2) 


C8— C7— C5 


121.4 (3) 


C47— C46— C45 


120.5 (3) 


C8— C7— H7 


119.3 


C47— C46— H46 


119.8 


C5— C7— H7 


119.3 


C45— C46— H46 


119.8 


C7— C8— C9 


121.8 (3) 


C48— C47— C46 


120.2 (3) 


C7— C8— H8 


119.1 


C48— C47— H47 


119.9 


C9— C8— H8 


119.1 


C46— C47— H47 


119.9 


CI 4— C9— CIO 


117.5 (2) 


C49— C48— C47 


119.9(3) 


CI 4— C9— C8 


124.0 (3) 


C49— C48— H48 


120.1 


CIO— C9— C8 


118.5 (3) 


C47— C48— H48 


120.1 


N2— CIO— C9 


122.4 (2) 


C48— C49— C50 


120.2 (3) 


N2— CIO— C6 


118.1 (2) 


C48— C49— H49 


119.9 


C9— CIO— C6 


119.5 (2) 


C50— C49— H49 


119.9 


CI 2— N2— CIO 


118.2 (2) 


C45— C50— C49 


121.0 (3) 


CI 2— N2— Cul 


129.71 (17) 


C45— C50— H50 


119.5 


CIO— N2— Cul 


111.05 (16) 


C49— C50— H50 


119.5 


N2— CI 2— C13 


122.8 (3) 


Mo3— 01— Mo2 


116.14(9) 
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"ATI /" 1 r\ Tfi i 

N2 — C12 — H12 


118.6 


C13 — C12 — H12 


118.6 


C14 — C13 — C12 


119.3 (3) 


pi 1 a PI | -> TT 1 T 

C14 — C13 — H13 


120.3 


pi i i p i \ -) T T 1 T 

C12 — C13 — H13 


120.3 


P" 1 1 1 P -i /i pi r\ 

C13 — C14 — C9 


lino /o \ 

119.8 (3) 


p 1 O P"1 I A Til ^ 

C13 — C14 — H14 


1 i n 1 

120.1 


infv /1 1 a TT1 A 

C9 — Cl4 — Hl4 


120.1 


pi i /-i » i— pi f \ r\ 

C 1 6 — C 1 5 — G20 


1 1 o o 

118.8 (2) 


pi i /- p ■x r Ti 1 

G16 — C15 — PI 


121.08 (19) 


C20 — C15 — PI 


1 1 A 1 C / 1 A\ 

119.35 (19) 


C17 — C16 — C15 


1 1 A A / ^ \ 

120.0 (2) 


ph pi i /■ tti ^ 

017 — 016 — H16 


1 OA A 

120.0 


P"1 ■* £ /- ^ I / TTI /■ 

C15 — C16 — H16 


120.0 


Cl8 — Cl7 — Cl6 


120.4 (3) 


P" 1 1 O P " 1 "7 tti n 

C18 — C17 — H17 


119.8 


P" 1 1 P P " -1 "7 tti n 

C16 — C17 — H17 


119.8 


p -1 f\ pi 1 o PI 1 n 

Cl9 — C18 — Cl7 


1 1 A A /1\ 

119.9 (2) 


P~< 1 i"\ f 1 1 O TT1 n 

Cl9 — Cl8 — Hl8 


120.1 


p i i ^ /-i 1 o T T 1 O 

C17 — C18 — H18 


120.1 


CI 8 — C19 — 02 0 


120.0 (3) 


p 1 1 o n n in n 

Cl8 — Cl9 — H19 


1 1 A A 

120.0 


C20 — C19 — HI 9 


120.0 


p" 1 1 a ai a /"i 1 c 

C19 — C20 — C15 


120.9 (2) 


nn pin tti a 

C19 — CzU — HzO 


119.6 


C15 — C20 — H20 


119.6 


P~< P PH 1 P"1 O O 

C26 — C21 — C22 


118.5 (3) 


pi r~\ S pi 1 J"-\ 1 

C26 — C21 — Pi 


1 1 O A 

118.4 (2) 


C22 — C21 — PI 


123.0 (2) 


C23 — C22 — C2 1 


120.7 (3) 


pn pin tt^i 

C23 — C22 — H22 


119.7 


C2 1 — C22 — H22 


119.7 


C24 — C23 — C22 


1 ^ A 1 /O \ 

120.1 (3) 


PI O /i P~< ^> T T ^\ 1 

C24 — C23 — H23 


119.9 


C22 — C23 — H23 


119.9 


C25 — C24 — C23 


1 1 A A / r > \ 

120.0 (3) 


p ^ -~> r - pi/i TTA4 

C25 — C24 — H24 


120.0 


C23 — C24 — H24 


120.0 


C24 — C25 — C26 


120.4 (3) 


/ 1 ^\ A P "~> C TTAf 

C24 — C25 — H25 


1 1 A O 

119.8 


p • ~\ / C TT1C 

Lz6 — Lz5 — Hz 5 


1 1 A O 

119.0 


C2 1 — C26 — C25 


120.3 (3) 


C2 1 — C26 — H26 


1 1 A O 

119.8 


C25— C26— H26 


119.8 


C32— C27— C28 


118.7(3) 


C32— C27— PI 


118.3 (2) 


C28— C27— PI 


123.0 (2) 


C29— C28— C27 


120.2 (3) 


C29— C28— H28 


119.9 



Mo 1 — (J 3 — Moz 


1 1 p pi /o\ 

116.61 (0) 


Mo 1 — U4 — VI oi 


1 1 A /A\ 

116.64 (9) 


Mo j — (J 5 — Mo 1 


1 1 / 1 1 /o\ 

116.44 (8) 


Moz — (Jo — MoT 


1 1 /; A r\ (t\\ 

116.49 (9) 


Moz — (J 1 0 — Mo 3 


1 1 p PA\ 

116.62 (9) 


(J / — Mo 1 — (J4 


1 AT AC / A \ 

103.95 (9) 


07 — Mol — 03 


1 A") TT tC\\ 

103.37 (9) 


U4 — Mo 1 — 03 


O O A A ZO\ 
88.49 (O) 


U / — Mol — (JO 


1 AI A C iC\\ 

103.46 (9) 


U4 — Mol — (Jo 


on czT ZO\ 

87.56 (8) 


OJ — Mol — (Jo 


1 CO AC 

153.05 (7) 


07 — Mol — 05 


1 AO ZTT /A\ 

102.67 (9) 


(J4 — Mo 1 — KJJ 


1 CI TT fH\ 

1D3.3 / (/) 


03 — Mol — 05 


O/T 1 A ZO\ 

86.14 (8) 


O6 1 — Mol — 05 


85.56 (8) 


(J / — Mo 1 — U9 


1 no 01 /a\ 

178.81 (7) 


/"\ A i A 4 . . 1 PAH 

(J4 — Mo 1 — U9 


/ /.24 (0) 


03 — Mol — 09 


76.61 (6) 


at 1 nn 

O6 1 — Mol — 09 


76.52 (6) 


/"\ r A/T„1 p"\("» 

05 — Mol — 09 


76.15 (5) 


U2 — Moz — U 1 U 


1 at tj /n\ 
1U3.Z / (9) 


02 — Mo2 — Oo 


1 AO C O /A\ 

102.58 (9) 


0 1 0 — Mo2 — 06 


OH /"T PO\ 

87.67 (8) 


(Jz — Moz — (JJ 


1 AT "7 A PA\ 

103.70 (9) 


Ain a 4" „i p\ -> 

(J 1 (J — Moz — (J j 


QtC OO /Q\ 

00.00 (oj 


Oo — Moz — (J3 


1 C 1 "7 1 /"7\ 

153.71 (7) 


02 — Mo2 — Ol 


1 A") A A /A\ 

103.00 (9) 


PilA n*,i /"v 1 

(J 1 0 — Moz — (J 1 


1 CI *7T /n\ 

153.73 (7) 


P\/ A /f „1 PI 

(Jo — Moz — (J 1 


Q£ m /'o\ 
86.9/ (8) 


03 — Mo2 — Ol 


O/" /"") /o\ 

86.63 (8) 


(Jz — Moz — <J9 


1 C ZO\ 

179.56 (8) 


Piin » pa 

0 1 0 — Moz — 09 


nc 0 n ( £.\ 

76.86 (6) 


(Jo — Moz — U9 


in aa 
/ /.UU (0) 


03 — Mo2 — 09 


76.72 (6) 


/"\ 1 A T„1 

0 1 — Moz — (J9 


T/T on 

76.87 (6) 


O8 — Mo3 — 05 


1 A -1 CO /A\ 

104.52 (9) 


(Jo — Mo 3 — (Jl 


1 AT PA PA\ 

103.60 (9) 


(J5 — Mo3 — (Jl 


00 in /o\ 

88.27 (8) 


O8 — Mo3 — 0 1 0' 


1 ao on PA\ 

10z.o7 (9) 


AC »([„') A 1 Ai 

(J5 — Mo3 — U10 1 


on n >c /o\ 

87.76 (0) 


p 1 \f„-) a 1 ni 
(Jl — Moi — U1U 


1 C T Tfl /n\ 

1 03.39 ( /) 


AO A/f^O A/l 

(Jo — Mo3 — (J4 


1 A 1 AC P A\ 

101.95 (9) 


AC »([„') A/l 

05 — Mo3 — 04 


153.53 (7) 


(Jl — Mo3 — 04 


oc m /c^^ 
85.93 (8) 


O10 1 — Mo3— 04 


85.99 (8) 


08— Mo3— 09 


178.16(7) 


05— Mo3— 09 


77.25 (5) 


01— Mo3— 09 


76.88 (6) 


010'— Mo3— 09 


76.57 (6) 
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P0^7 P r\ o TTTO 

C27 — C28 — H28 


119.9 


O /~100 /~1"> /l 

C38 — C33 — C34 


118.7 (2) 


/-ito POO no 

C38 — C33 — P2 


1 o o a /o\ 

123.0 (2) 


C34 — C33 — P2 


117.71 (19) 


C30 — C29 — C28 


1 n /O \ 

120.8 (3) 


C30 — C29 — H29 


119.6 


C28 — C29 — H29 


119.6 


C33 — C34 — C35 


120.3 (3) 


POO PO /I TTT /I 

Cii — Ci4 — Hi4 


119.8 


C35 — C34 — H34 


119.8 


C36 — C35 — C34 


120.1 (3) 


C36 — C35 — H35 


120.0 


p •-) ^ f~~> 1 c TTT C 

C34 — C35 — H35 


120.0 


C29 — C30 — C31 


120.1 (3) 


C29 — C30 — H30A 


120.0 


C3 1 — C30 — H30A 


120.0 


nn /" < -> / poc 

C37 — C36 — C35 


120.0 (3) 


C37 — C36 — H36 


120.0 


C35 — C36 — H36 


120.0 


POA /**'>1 / O O 

C30 — C31 — C32 


1 A A \ 

120.0 (3) 


POA PO 1 TTO 1 A 

CiO — Li 1 — Hi 1 A 


1 OA A 

120.0 


C32 — C3 1 — H3 1 A 


120.0 


C27 — C32 — C31 


120.2 (3) 


C27 — C32 — H32 


119.9 


C3 1 — C32 — H32 


1 1 A A 

119.9 


C36 — C37 — C38 


120.4 (3) 


C36 — C37 — H37 


119.8 


poo rin TTO'? 

C38 — C37 — H37 


119.8 


C33— C38— C37 


120.6 (3) 


C33— C38— H38 


119.7 


C37 — C38 — H38 


119.7 


p ,1 a rein a a 

C40 — 03 9 — C44 


1 1 O A 

118.0 (2) 


p a f\ p t a r>o 

C40 — Ci9 — r2 


123.7 (2) 


p A A pin TV* 

C44 — C39 — P2 


118.2 (2) 


p /" X T 1 P O PO 

C6 — N 1 — C2 — C3 


AT / /I \ 

0.3 (4) 


p 1 XT1 PO O 

Cul — Nl — C2 — C3 


-169.11 (19 


\T1 z' - -» PO P J 

N 1 — C2 — C3 — C4 


0.9 (4) 


/~io r~~-> p ,1 /"i c 

C2 — C3 — C4 — C5 


-0.1 (4) 


p o p ,1 rr p / 

C3 — C4 — C5 — Co 


1 O / A \ 

-1.8(4) 


/~*0 P /i zip 

C3 — C4 — C5 — C7 


178.2 (3) 


C2 — Nl — C6 — C5 


-2.3 (3) 


P 1 X T 1 P / or 

Cul — Nl — Co — C5 


1 /'A A / 1 0\ 

169.06 (18) 


Z" 1 ^ TVT1 t~^H f * I A 

C2 — N 1 — Co — CIO 


178.9 (2) 


Cul— Nl— C6— CIO 


-9.7 (3) 


C4— C5— C6— Nl 


3.1 (4) 


C7— C5— C6— Nl 


-176.9 (2) 


C4— C5— C6— CIO 


-178.2 (2) 


C7— C5— C6— CIO 


1.8 (4) 



U4 — Mo 3 — U9 


76.28 (6) 


Nl — Cul — N2 


OA '*) A (0\ 

80.24 (8) 


Nl — Cul — P2 


112.06 (6) 


N2 — Cul — P2 


\2i.2b (6) 


XT 1 /"". . 1 Ti 1 

Nl — Cul — rl 


101.36 (7) 


N2 — Cul — rl 


AA 

99.82 (6) 


F2 — Cul — rl 


128.31 (3) 


C15 — PI — C27 


104.56 (12) 


n; Tit n i 
CI j — PI — Czl 


1 A1 /I 1 \ 

10i./4 (11) 


C27 — PI — Czl 


1 at /n\ 

103.67 (12) 


C15 — PI — Cul 


106.58 (8) 


C27 — PI — Cul 


1 1 c 1 o /n\ 

115.18 (9) 


Czl — PI — Cul 


1 O 1 A A /A\ 

121.40 (9) 


C45 — P2 — C33 


105.64 (12) 


C45 — P2 — C39 


1 A1 1 Z' PI 1 \ 

102.26 (11) 


C33 — P2 — C39 


1 AT "7 A / 1 1 \ 

103.70 (11) 


C4d — rz — Cul 


11/1 a /n\ 
114.JU (9) 


C33 — P2 — Cul 


11C oo /o\ 

115.88 (8) 


C39 — P2 — Cul 


11") CO /ON 

113.58 (8) 


Mo 2 — (J9 — Mo2 


1 OA A 

180.0 


Mo 2 — U V — Moi 


OA A 1 /"5 A 

89.91 (3) 


Mo2 — U9 — Moi 


A A A A /">\ 

90.09 (3) 


Mo2 — 09 — Mo3 


A A A A P)\ 

90.09 (3) 


Mo2 — U9 — Moi 


OA A 1 /I \ 

8y.yi (3) 


A /T^ j- i AA » f„1 

Moi — Uy — Moi 


1 oa r\ 
180.0 


A 4 ^ /~\A A 4 1 i 

Mo 2 — (jy — Mo 1 


OA AO /")\ 

89.98 (3) 


A X T i A It 1 i 

Mo2' — 09 — Mo 1 


AA A1 p)\ 

90.02 (3) 


Mo3 — L)9 — Moi 


AA 1 jC /1\ 

90.16 (2) 


Mo3— 09— Moi 1 


89.84 (2) 


Mo2— 09— Moi 


90.02 (3) 


A /T„li AA A/T^1 
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— Mol — 09- 


-Mo2 


AA CC //'N 

-90.55 (6) 


Mol — (J5 — Mo3 — (J8 


179.93 (10) 


07- 


—Mol — 09- 


-Moz 


AA / A\ 

90 (4) 


Mo 1 — <J5 — Moi — (J 1 


H £ TO / 1 A\ 

76.32 (10) 


04'- 


— Mol — 09- 


—Moz 


OA HO f£\ 

-89.78 (6) 


Mo 1 — <J5 — Mo3 — (J 1 0 


—77.36 (10) 


03- 


—Mol — 09- 


-Moz 


1 HO H~i / £1\ 

178.73 (6) 


Mol — (J5 — Mo J — (J4 


1 A 

-1.0 (2) 


O6 1 - 


— Mol — 09- 


—Moz 


0.76 (5) 


Mol — (J5 — Moi — (J9 


-0.62 (7) 


05- 


—Mol — 09- 


A /T„1 i 

-Moz 


OA A C ( £\ 

89.45 (6) 


Moz — U 1 — Moi — Uo 


1 /9.1z (10) 


o /- 


— Mol — 09- 


A \ r ~.'} i 

-Moi 


1 OA /I AAA 

180 (100) 


Moz — (J 1 — Moi — (J5 


H £ ~i £. f \ A\ 

-76.36 (10) 


04- 


— Mol — 09- 


— Mo3 


0.31 (6) 


A /T„^ /"A 1 Jl„n ni Ai 

Moz — (J 1 — Moi — (J 1 0 


5.2 (2) 


03- 


—Mol — 09- 


A /f ") i 

-Moi 


—91.18 (6) 


Moz — (J 1 — Moi — (J4 


HH "7 A / 1 A\ 

77.79 (10) 


(Jo- 


— Mol — 09- 


—Moi 


AA OC i £L\ 

90.85 (6) 


Moz — U 1 — Moi — (J9 


A AC SH\ 
0.93 (/) 


LO- 


— Mol — 09- 


A /T^l i 

-Moi 


1 in c a /c\ 
1 /9.54 (5) 


A X ^ 1 i f~\A ~\ X AO 

Mo 1 — (J4 — Moi — (J 8 


1 "7 A AC / 1 1 \ 

179.05 (11) 


Q7- 


—Mol — 09- 


-Mo 3 


A ( A\ 

0(4) 


A X 1 i f~\ A Ad"") /"~\ r 1 

Mo 1 — 04 — Mo3 — 05 


-0.1 (2) 


04'- 


— Mol — 09- 


— Mo3 


1 in /"a 

-179.69 (6) 


Mo 1 — 04 — Mo3 — 0 1 


HH OA { 1 1 \ 

—77.89 (11) 


03- 


a a „ 1 nn 

—Mol — 09- 


-Mo 3 


88. 8i (6) 


A/f~1i i~\A A/f~"3 ni Ai 

Mo 1 — 04 — Moi — 0 1 0 


/6./3 (11) 


U6- 


— Mol — 09- 


— Mo3 


—89.13 (6) 


Mo 1 — U4 — Moi — U9 


-0.4i (5) 


Oj- 


— Mol — 09- 


—Mo j 


—0.46 (j) 


C2— Nl— Cul— N2 


-178.7(2) 


07- 


-Mol— 09- 


-Mol 1 


86(100) 


C6— Nl— Cul— N2 


11.37(15) 


04'- 


— Mol— 09- 


-MoP 


-93 (100) 


C2— Nl— Cul— P2 


-56.6 (2) 


03- 


-Mol— 09- 


-MoP 


175 (100) 


C6— Nl— Cul— P2 


133.43 (14) 


06'- 


— Mol— 09- 


-MoP 


-3 (100) 


C2— Nl— Cul— PI 


83.2 (2) 


05- 


-Mol— 09- 


-MoP 


86(100) 



C6— Nl— Cul— PI -86.79 (16) 

Symmetry code: (i) -x+\, -y+\, -z+1. 



Hydrogen-bond geometry (A, ") 
Cg8 is the centroid of the C33-C38 ring. 



D—U-A 


D— H 


H-A 


D-A 


D—U-A 


C19— H19-03" 


0.93 


2.60 


3.446 (3) 


152 


C29— H29-07 111 


0.93 


2.55 


3.443 (4) 


161 


C30— H30^-O8' v 


0.93 


2.41 


3.257 (5) 


152 


C44— H44-02 


0.93 


2.51 


3.206 (4) 


132 


C49— H49-Cg8 v 


0.93 


2.97 


3.782 (5) 


147 



Symmetry codes: (ii) x+\,y, z; (iii) x+\,y+\,z; (iv) -x+ 1 , -y+2, -z+ 1 ; (v) -x+ 1 , -y+ 1 , -z. 
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